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ABSTRACT 
Six dermal specimens from active plaques of psoriasis were subjected to biochemical 
analysis of glycosaminoglycans. The technique used consisted of digestion of the 
dermal samples with papain and trypsin, uronic acid determination by the carbazol 
method and identification of hyaluronic acid (HA) and dermatan sulfate (DS) by 
cellulose acetate electrophoresis. All the psoriatic samples showed a significant increase 
in uronic acid concentration. The H / DS ratio in psoriasis was 1.56 while that of the 
controls was 0.56. The possible significance of these findings is discussed. 
The roo t striking histologic feature in pso-
riasis is a benign, regular hyperplasia of the 
pidermi accompanied by abnormal keratini-
zation. There is increased mitotic activity in 
th 3 lower layers of the stratum Malpighii; 
c 11 turnover time i markedly reduced (1). 
The factor. responsible for thi enhancement 
in epidermal mitotic activity are unknown. 
The p oriatic epidermis has been the target 
of numerous biochemical tudics. However, 
t he re ults have often been conflicting and in 
most instanc s the chanO'es noted were not 
specific and appeared to reflect simply the 
metabolic changes takinO' place in a rapidly 
proliferating epit helium. 
One of the earliest change in psoriatic der-
mis ref r to the edema of the tips of the 
papi llae and wcllinrr of endoth lial cells of the 
capillaries (2). Rince th papillary edema 
b come a p rmanent feature, it is likely that 
the water mu t be bound to a hydrophilic com-
pound. For t hi rca on we decided to perform 
a ch mical analysi of glyco aminoglycans in 
p oriatic dermi . 
1ATERIAL AND METHODS 
ix a e with acti v p ona 1s '"' re elected 
(T able I) . Th wer all mal es ranO'inrr from 40 
to 73 year of age. Excision biop ie of thick 
ryth mato- caly plaques were tak n from the 
ba I· xcept for Ca e 2 wher the biop :r was 
tak n from the anterior asp ct of the thigh. Prior 
to the biop , 3 patients were under treatment 
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with topical medications. One had had no treat-
ment for more than 2 years (Case 4) and two 
cases had never received treatment. T en control 
specimens were obtained from a medial incision 
of fresh autopsy material. These subjects were 
all males, ranging in age from 38 to 72 years old. 
The epidermis 'vas removed by stretching and 
scraping, and the subcutaneous tissue was care-
fully dissected a" ·ay. Then, the specimens were 
lyophilized to determine their dry weight, and 
were converted into a pmYder by passing them, 
for 2 to 3 seconds, th rough a Wiley micromill. 
The dry weight of the psoriatic samples ranged 
from 34 to 287 mg while the controls weighed 150 
mg. o ignificant differences in water concentra-
tion (about 60 %) were noted between the con-
trols and the p. oriatics. Estimation of uronic 
acid concentration and iden tification of glycos-
aminoglycans was achieved by combining a slight 
modification of the method of Schiller et al. (3) 
and cellulose acetate electrophoresi . . The samples 
were digested for 24 hours at 60° C with papain 
(Sigma) 2 mg/ g dermis in 0.1 M acetate buffer, 
containing 0.005 M cysteine-HCl and 0.005 M 
EDTA, pH 5.5 . The dige t wa placed in a dialysis 
bag and dialyzed again t 0.1 M Na2HP04., pH 82 
for 4 hours at room temperature. The external 
buffer was changed twice until the s~·stem became 
stabilized at pH .2 . Trypsin . twice crystallized 
(Mann Research Laboratorie ) 2.5 mg/ g dermis 
was added to the dige~t and kept at 37° C for 48 
hours. The proteins w·ere precipitated by adding 
10% trichloroacetic acid . After centrifugation, the 
supernatant was placed in dialy is against dis-
tilled water for 72 hours. Th non-dialy able com-
ponents were used for uroni acid determination 
by the carbazol method of Di che ( 4). The rest of 
this fraction was lyophilized, di solved in dis-
tilled water to a 0.2% solution and used for cellu-
la acetate electrophoresi . The buffer consi ted 
of equal parts of 0.1 M calcium acetate-0.1 M 
copper acetate, pH 3.6. The amples were run in 
a horizontal electrophore is chamber. at 1.5 Mamp 
per strip for 2 hour . The trip were stained over-
night with 0.1% Alcian blue in 95 ml of 70% etha-
nol and 5 ml of acetic acid, pH 3.00. De taining 
was accomplished with 5% acetic acid for 10-15 
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TABLE I 
Case reports 
Case no. Age Sex Race Duration 
1 73 M Caucasian 50 years 
2 47 M Caucasian 20 years 
3 44 M Negro 1 year 
4 61 M Caucasian 15 years 
5 40 M Negro 1 year 
6 46 M Caucasian 1 year 
TABLE II 
J-LMoles uronic acid (carbazol) per g dry dermis 
Psoriasis 
Case 1 
" 2 
" 3 
" 
" 
4 
5 
6 
M&SD* 
Controls (10)* 
4.12 
5.15 
10.30 
5.15 
6.70 
4.70 
6.02 ± 1.65 
2.73 ± 0.71 
* Mean and standard deviation. 
Number in parentheses represents number of 
specimens. 
minutes. Controls consisted of hyaluronic acid, 
dermatan sulfate and chondroitin sulfate, kindly 
supplied by Dr. M. Schubert and Dr. Jerome 
Lash. The electrophoretic mobility of these com-
pounds, was as follows: hyaluronic acid < derma-
tan sulfate < chondroitin sulfate. This is in agree-
ment with similar previous studies (5). The strips 
were scanned in a Chromoscan densitometer and 
percentage distribution of glycosaminoglycans cal-
culated by planimetry. We did not attempt to 
e timate the concentration of chondroitin sulfates 
since they were present in very small amounts. 
Biopsy specimens were fixed in formalin and 
stained with hematoxylin and eosin. Gomori's tri-
chrome and Alcian blue, pH 2.5 . 
RESULTS 
The concentration of uronic acids is re-
ported in Table II. The concentration for 
normals of 2.73 micromoles per gram dry 
weight of dermis is consistent with other re-
ports (6). There were no significant differences 
between the age ranges studied. There was a 
significant increase in uronic acid in the psori-
atic samples. Since our controls were taken 
from the abdominal area while most of the 
p oria tic ~pec1mew were taken from the 
Biopsy site Treatment prior to biopsy 
Back Ammoniated Hg ointment 
Topical cortico teroid 
Thigh Topical corticosteroid 
Back Topical corticosteroid with occlusion 
Back None 
Back None 
Back None 
TABLE III 
Percentage distribution of dermal hyaluronic 
acid and de1-matan sulfate 
Hyaluronic acid I Dermatan sulfate 
% 
Psoriasis 
Case 1 50 50 
" 2 73 27 
" 3 66 34 
" 4 50 50 
" 5 60 40 
" 6 66 34 
M&SD* 61 ± 7.5 39 ± 7.5 
Hyaluronic/Dermatan s ulfate ratio 1.56 
Controls (10)* 36 ± 3.8 64 ± 3.8 
Hyaluronic jDermatan sulfate ratio 0.56 
*Mean and standard deviation. 
Number in parentheses represents number of 
specimens . 
back, a surgical specimen of normal back skin 
was also analyzed for uronic acid concentra-
tion. No significant differences were noted 
between the back and abdominal control spec-
imens. The percentage distribution of glyco-
saminoglycans is reported in Table III. Normal 
controls revealed about 36% hyaluronic acid 
and 64% dermatan sulfate, which is in good 
agreement with other previous studies (6, 7). 
This pattern appears to be reversed in psoria-
sis, which resemble. that seen in embryonic 
human skin (7). The i olation of glycosamino-
glycans by papain and trypsin digestion and 
their identification by cellulose acetate elec-
trophoresis is a useful method for the analysis 
of small skin samples. amples as small as 25 
mg (dry weight) can be studied by this 
method. 
Histologic sections confirmed the diagnosis 
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of psoriasis in all patients. The Alcian blue 
stain performed at pH 2.5 revealed glycosamino-
glycans in the upper cuti . However, when 
compared with normal skin, it was not possible 
to a certain an increase in glycosaminoglycans 
in the p oriatic samples. 
COMMENT 
Braun-Falco (8) reported, by histochemical 
techniques, an increa e in glycosaminoglycans 
in the upper dermis and around the eccrine 
sweat glands of psoriatic kin which was re-
sistant to te ticular hyaluronidase digestion. 
On the other hand, Gordon and Johnson 
(9) al o noted some increa e in glycosamino-
glycan . However, all the reactive material 
was removed by hyaluronidase digestion. BrauD-
Falco et al. (10) also reported an increased 
uptake of ar., both at the epidermal and der-
mal level, thu suggesting an increase in sul-
fated glycosaminoglycans in p oriasis. Halprin 
and Ohkawara (11) showed an increased pro-
duction of uroni acid by p oriatic epidermi . 
Thi tudy revealed a sub tantial increase in 
glycosaminoglycans in the dermis from psori-
atic skin. Furthermore, ther wa al o a reversal 
of the normal ratio of di tribution of hyalu-
ronic acid-dermatan :::;ulfate. It i impossible at 
pres nt to a certain whether this change may 
be related to the pathogenesi of psoriasis, or 
whether it merely represent a secondary 
findinrr, probably related to the non-specific 
dermal inflammatory reaction o frequently 
een in p oria is. It has been postulated that 
the connective tissue may have orne modulat-
ing effect upon the differentiation and mitotic 
activity of the epidermi . Recently, Lippman 
(12) ha shown that glyco aminoglycans may 
aff ct the rate of cellular mitotic activity. On 
the basis of our findings it would be interesting 
to determine whether depolymerization of hya-
luronic acid by intradermal hyaluronidase 
injections may have an effect on the behavior of 
psoriatic epidermis. This study is currently in 
progress in our laboratories. 
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